ABSTRACT
INTRODUCTION
It is not advisable to use retention times to characterize the retention behavior, due to its bad reproducibility. Many factors influence retention time in RP-HPLC, the most important factors are the following: temperature, pH value, mobile phase composition, column material, column age and flow-rate. Among retention parameters such as retention time (t R ), capacity factor (k´) and retention index (RI) show that retention index is more reproducible and more robust than t R and k´ [1] [2] . The dead time (t 0 ) calculation is needed to determine the mentioned retention parameters. There is no possibility to define a unified dead time since it depends on the chromatographic system and the method how dead time is calculated [3] . In this research, the dead time is calculated by applying homologous series (n-alkane) according to the iteration method of Guardino [4] .
n-alkane is suggested to be used as retention index scale in HPLC, due to the results directly comparable with retention data from GC [5] . However, it is not discussed here how to compare the retention data based on n-alkane between GC and HPLC system. In contrast to GC in HPLC solutes also interact with the mobile phase, thus the retention data also depend on the mobile phase. It is not easy to use n-alkane in HPLC as standards in case of two considerable problems. Firstly, they are very non polar, hence in most reversed phase system they show large retention times which restricts their application. Moreover, an additional refractive index detector is needed due to the lack of chromophores. Therefore using n-alkanes in routine analysis is problematic. In comparison with n-alkanes, the alkylarylketone has the advantage that they can be detected spectroscopically. In addition, these homologous series are stable compounds and are commercially available. They have a high UV absorbance at the wavelength of 254 nm, and thus are easily detected by a UV detector [6] . This paper reports Kovats Retention Index Determination in the HPLC by using alkylarylketone homologous series and then is connected with n-alkane as a frame of reference. Steroids were used as test substance for determining absolute retention index values in acetonitrile/water system. 
EXPERIMENTAL SECTION

Materials
Procedure
The solvents were degassed approximately 10 min with Helium (He). The HPLC equipment with particular refractive-index detector has been pre-run till equilibrium condition before injection. The column was adjusted in water jacket at 30°C. Solvent-reservoir was put in water jacket and kept at 30°C constantly. Flow-rate: 1.0 mL/min. Dead-time was calculated according to the method of Guardino [7] .
RESULT AND DISCUSSION
The retention behavior of n-Alkane homologous series
The retention behavior of n-alkane homologous series is the basic of Kovats Retention Index concept. Therefore, it should be investigated firstly the behavior including some parameters such as: ln(k´) against n c , accuracy, RI against n c , ΔRI against n c /n c +1 and dead time calculation as follows.
ln(k´) against n c
The Retention index system is based on equation (1), i.e. for homologous series of n-alkane exist a linear relationship between ln(k´) and carbon number (n c ), (see Fig 1) . Table 1 
Accuracy
True value of retention index relevance of n-alkane is defined as a fictive number of carbon atom multiplying by 100, e.g. true value for pentane = 500, hexane = 600, heptane = 700, etc. Table 2 
RI against n c Table 3 indicates a linear correlation between retention index (RI) of n-alkane and the Alkane carbon number (n c ) in ACN/H 2 O solvent system, whereby the RI-values were determined by using n-alkane as the standard.
The following equation is derived from linear indication:
Retention index difference between two neighboring carbon atoms of n-alkane is due to the CH 2 group which is equal 100 [7] , as well as the slope (b 1 ) of equation (3) is defined. Equation (4) can be used for characterizing of homologous series deviations. In acetonitrile/water system is shown that ΔRI CH2 for n-alkane with shorter chain has smaller deviations (only 1-2 units from 100). In acetonitrile/water 80/20 system ΔRI is 99.9  0.6; in 70/30 system ΔRI is 100.1  0.5; in 60/40 system ΔRI is 100.0  0.4 and in system 50/50 is 100.2  1.7. Moreover, it was demonstrated here that deviations for n c /n c +1 < 3 were smaller.
Dead-time calculation
The dead-time is calculated by using n-alkane as homologous series in ACN/H 2 O system with varying solvent composition as be shown in Table 4 . This calculation was adopted from the method of Guardino et al. [6] , in which an iteration is carried out upon the dead time (t 0 ), with slope (a 1 ) and intercept (a 0 ) being calculated using the least squares linear regression. The sum of squares of the deviation between calculated value and known Kovats Indices divided by the number of homologous (S of S/N) was used as a general indication of the accuracy of fit [4] .
In comparison with different linear methods in GC, the method from Guardino et al. was not only the most accurate, but also the fastest. Similar results have been published by Didaoui et al. [4] by applying this method Table 4 was the dead-time calculation by using nalkane homologous series without depending on solvent compositions. In comparison with other homologous series, n-alkane exhibited smaller S of S/N than other homologous series, e.g. Alkan-2-ones, Alkyl benzenes and Alkyl aryl ketones [8] .
The retention behavior of alkylarylketone homologous series Due to very large retention time, then it is suggested using alkylarylketone in connecting with nalkane as a frame of reference. Some parameters for identifying behavior of alkylarylketone should be investigated such as ln(k´) against n s , ΔRI against n s /n s +1 and RI against n s then index Kovats can be calculated as absolute retention index as follows.
ln(k´) against n s
The Retention index system is based on equation (5) All r 2 -values for both solvent systems are larger than 0.9949. The random error of slope (a 1 ) and intercept (a 0 ) was calculated according to Miller et al. [8] . Moreover, the deviations of slopes are smaller than the intercepts. The largest deviations of a 0 and a 1 exhibited in ACN/H 2 O system, particularly in composition 40/60.
ΔRI against n s /n s +1
ΔRI serves as the character of retention index difference and n s /n s +1 represents the difference of Alkyl chain carbon number, e.g. for acetophenone and propiophenone is n s /n s +1 = 1, for propiophenone and butyrophenone is n s /n s +1 = 2, etc. In acetonitrile/water system shown that ΔRI CH2 for alkylarylketone with shorter chain (n s < 5) has a larger deviation. These solvent systems shown that there were great deviations of ΔRI-values between the first two homologous, as well as between the second and the third homologous. Furthermore, ΔRI was 90.2  2.5 in 80/20 system, 87.0  5.3 in 70/30 system, 90.9  3.1 in 60/40 system and 95.0  6.0 for 50/50 system. Generally, it was found that for this solvent system all ΔRI-values lay fewer than 100.
RI against n s
A linear correlation between carbon number of alkyl chain (n s ) and Kovats retention indices of alkylarylketone RI (n-alkane scale) in ACN/H 2 O system is shown in Table 5 . Kovats retention indices of alkylarylketone were calculated by using n-alkane as the standard. Table 6 (Table 6 ) is 92. Dead-time calculation (t 0 ) for Table 6 was calculated by using n-alkane according to iteration procedure [3] . The r 2 -values show good correlation between 0.9913 and 0.9999.
Absolute retention index determination
Kovats retention index of substance according to alkylarylketone as the standard can be calculated by connecting with n-alkane as the primary standard. An example here is system MeOH/H 2 O (80/20) in Fig 6, where the linear relationship between ln(k´) (Fig 3) and Kovats (absolute) retention index values of alkylarylketone (Table 7) 
ln(k´) alkylarylketone is alkylarylketone capacity factor, RI alkylarylketone(absolute) is alkylarylketone Kovats (absolute) retention index and c 1 and c 0 are linear regression coefficients. On the basis of ln(k´) against n s (Fig 3) and RI against n s (Fig 5) were all linear, consequently, ln(k´) alkylarylketone against retention index absolute (RI alkylarylketone(absolute) ) must be linear too. Therefore, RI values of Substance based on index system absolute could be determined as follows: 
RI substance and ln(k´) substance are retention index and capacity factor of substance respectively, whereas c 0 and c 1 are taken from equation (7) . The calculation results are shown in Table 8 for ACN/H 2 O system, using steroids as substance.
CONCLUSION
n-alkane homologous series (from Pentane) are very suitable as the standard for retention index calculation in the RP-HPLC, although of very non polar and lacking of chromophore properties, and n-alkane fit well in dead time calculation as well. More over n-alkane indicate good reproducibility and is also no representative of this homologous series affected unusual phenomena.
The most important finding in this research is the possibility of adjusting the Kovats retention index system in the HPLC using alkylarylketone homologous series which are then connected with n-alkane as a frame of reference.
